This work presents the results that were obtained in a commercial composting plant where food (149,690 kg) and yard wastes (144,520 kg) were used as raw materials for its stabilization under the aerated static pile (ASP) method as an alternative to the mechanically mixed windrow method to solve problems of flies and odor nuisance complaints. In a pile of approximately 498 m 3 , the change in temperature was the main parameter that was evaluated during 49 days of positive forced aeration. Subsequently, a part of the material of the ASP (62 m 3 ) was subjected to a curing period for 44 days recording changes in temperature and humidity. The results of carbon dioxide and volatile ammonia emissions analyses (NH 3 ) and of a bioassay to screen for the presence of phytotoxic conditions showed a very mature compost with an emergence > 90% and a seedling vigor > 95%.
Introduction
Composting is a dynamic process in terms of the interactive factors of temperature, oxygen, moisture, and nutrient availability all of which affect the microbial population responsible for the biodegradation process. Composting is predominantly an aerobic process. Failure to provide sufficient oxygen for aerobic degradation by microbes results in the slow degradation of organic matter. Proper aeration is a key environmental factor. Microorganisms need oxygen to produce energy, grow quickly, and consume more materials. Aeration involves the replacement of oxygen deficient air in a compost pile with fresh air containing oxygen. Natural aeration occurs when air warmed by the composting process rises through the pile bringing in fresh air from the surroundings. Aeration can also be affected by wind, moisture content, and porosity. For static pile composting, the air can be supplied by a pressure system with the blower pushing the air into the pile. The process can be controlled directly using blowers and larger piles can be created. The composting process with aerated static pile method is faster and results in higher quality composts [1] . The objective of the present work was to evaluate the aerated static pile composting method as an alternative to the mechanically mixed windrow composting method with the goal of eliminating fly problems and reducing odor nuisance complaints in the composting of food and yard wastes.
Materials and Methods

Raw Material
Yard waste (144,520 kg) was crushed in a hammer mill with a screen of 7.5 cm and mixed with food waste (149,690 kg) from industrial canteens and the food industry.
Positive Aerated Static Pile (ASP) Construction
The pile formation was carried out with a front loader on a network of perforated pipes (Figure 1 ). This pipe network was made up of a 6-inch tube, 4.5 m long that fed air to 4 pipes, each 24 m long, joined by a reducer coupling [2] . The air supply was provided by a 2 HP blower with a maximum air volume of 40.49 m 3 /min (B-Air  super bear BP-2+). The perforation of the tubes consisted of two rows of perforations, 0.95 cm per hole, placed in parallel to each other, 5.8 cm from the surface of the tubes. The distance between perforations was 15 cm [3] . Before the formation of the pile, a layer of reject material (15 -20 cm, 1 cm opening screen) was placed on the ground level of the composting screening process. With this same material, the tubes were covered with perforations downwards with a layer of some 15 cm before forming the pile [2] . Since the raw material was not enough to form a projected pile of 10 m wide, 24 m long and 3 m high in a single stage, the first two tubes were covered in the first stage and then 7 and 14 days later were covered the third and fourth tubes respectively. At the end of forming the pile in its three stages, the material was covered with an approximate layer of reject material (15 -20 cm). For the measurement of temperature changes, as the pile was formed,16 thermocouples were placed along tubes 1, 2 and 4 and along the tube 3, 4 thermocouples were located, one half of them at an approximate height of 1 m and the other at a height of approximately 2 m.
At the end of 7 weeks of composting for tubes 1 and 2, 6 weeks on tube 3, and 5 weeks on tube 4, approximately 62 m 3 were taken to form a curing pile. The Advances in Chemical Engineering and Science and 31, the pile was turned over and composite samples were taken for moisture analysis without having moistened the pile the next day ( Figure 5 ). After 44 days of curing, a composite sample was taken from the pile for the maturity analysis, seedling emergence, and relative growth [4] and stability [5] .
Curing Pile
Physico-Chemical Analysis
At the beginning of the pile formation, the mixture of yard and food wastes was analyzed by its content of moisture, total organic carbon (TOC), total Kjeldahl nitrogen (TKN), dry matter, ash, volatile solids, bulk density, and free air space.
Moisture content (%ww) was determined after drying to a constant weight in a ventilated oven at 105˚C for 24 h. Volatile solids (%dw) was determined by the percentage ignition loss of dry solids at 550˚C in a muffle furnace (Terlab). TKN was determined by the macro-Kjeldahl procedure [6] . TOC content was calculated by the following equation [7] : %TOC = (100-% ash residue)/1.8
Bulk density refers to the ratio of the total weight (mass) raw material or compost to its volume, on an as-is basis that was calculated as followed: an empty 20 L bucket was weighed (recording the weight) and filled 1/3 full with feedstock. The bucket was raised 1.5 m above a firm surface and allowed to drop 10 times, then the bucket was filled to the 2/3 line with additional material and 
Results and Discussions
Temperature
The temperature distribution within the composting pile was related to the composting time (Figures 2-4) . These temperatures were monitored 1 m and 2 m above the ground and represent the average of the thermocouples placed inside the ASP. Throughout the composting, a temperature gradient was formed between the upper and lower layers, a typical phenomenon of a positively ASP [1] . The gradient is a function of air flow rate and direction of air flow and the reactivity of the composting mass. As cool ambient air was passed through the bottom of the pile, this area cooled more rapidly than the top where the heat accumulated. Figure 3 shows the distribution of the temperature over 6 weeks for the composting material that covered tube 3. The ASP underwent a rapid temperature increase in both layers (1 and 2 m above ground). In the upper layer, the temperature increased from 50˚C to 75˚C in the first 7 days or composting and in the lower layer from 52˚C to 76˚C in the first 6 days, after which the temperature started to drop until day 32 when the temperature registered to 59˚C. In the upper layer, the temperature remained constant at about 74˚C until day 23 when it decreased progressively to 67˚C by day 33. As with tubes 1 and 2, when the electricity failed at the end of the experiment, temperature changes were drastically changed from 63˚C to 72˚C in the last 5 days in the lower layer and in the upper layer from 68˚C to 74˚C in the last 3 days. and lignin, plentiful in gardening wastes and tree prunings, is slowed [11] . This process is essentially carried out by mesophilic fungi and actinomycetes [12] .
Moisture Content
The average moisture content determined in several samples of the raw material was 55%. After 7 weeks of composting, the moisture content of the material covering tubes 1 and 2 was 42.5%. After 6 weeks of composting, the material covering the tube 3 had a moisture content of 45% and for the material that covered the tube 4 after 5 weeks of composting, the moisture content was 47%.
Moisture content between 40% -60% is ideal for compost under aerobic conditions [13] . Adequate moisture is needed for microbial respiration that is responsible for the decomposition of waste material in compost. Too little water will deactivate microorganisms, whereas too much water favors anaerobic microbes that produce fermentation. Anaerobic conditions slow decomposition and may produce bad odors, noxious gases, and phytotoxic acids, lowering the quality of compost.
Bulk density refers to the ratio of the total weight (mass) of compost or ingredients for composting and this optimal range value must be 475 -712 kg/m strongly affects bulk density, with wetter materials having a higher bulk density compared to dry materials. As such, bulk density of compost or ingredients is always calculated on a wet basis [13] .
Porosity refers to the amount of air-filled pore space in compost that is not occupied by solid particles or water. Porosity is expressed as a percentage of the total bulk volume of the compost pile. An adequate supply of oxygen is needed for microbial respiration in aerobic decomposition. Aeration provides oxygen and stimulated the removal of heat, water vapor, and gases during the active composting phase. An optimal air-solid balance is achieved when the fee air space (porosity) in the pile is in the 35% -60% range [13] . In our case, the mixture of yard and food waste had an average value of 44%. 
Curing Period
Following active composting, compost requires a curing period of at least one month to finish the process and allow the compost to develop the desired characteristics for its intended use. Figure 5 shows the temperature changes of the compost pile in the curing period during 44 days and the days when it was moved to aerate it and add water. At the beginning of this period, the temperature of the pile was 53˚C and the moisture content 28.5%, so on day 4 water was added to reach a 38.3% moisture content, as this water was not enough to Ambient air temperature, daily mean achieve 60% of humidity. On day 7 water was again added to reach a humidity content of 41.4%. On days 9 and 17, the pile was moved again and water added, registering water contents of 44.5% and 42%, respectively. On days 25, 29, 32, and 34, no more water was added to the pile, and it was only turned with a front loader since the humidity was no longer less than 41% until day 44 when the material of the pile became a blackish color, smelling of wet earth. The water content in the composting is recommended between 40% -65% [3] since this range is essential for the microbial activity and can affect the decomposition rate. If the water content is less than 40%, the microbial activity is reduced; if it is greater than 60%, the water fills the spaces required for air movement, so that anaerobic conditions occur [13] [14] . During the curing period, the maximum temperature range without moving the pile was 53˚C -58˚C values within the ideal range for thermophilic aerobic composting. However, despite these high temperatures, the maturity of the compost was achieved after 44 days according to the stability and maturity tests. The height of the curing pile (2.44 m) was built according to maximum pile height of 2.4 m, as is often suggested [3] . The results of the Solvita test to measure the two most prominent gaseous emissions of active composts (carbon-dioxide, CO 2 and volatile ammonia, NH 3 ) showed that after an active composting phase of 7 -5 weeks under an ASP system and 44 days of a curing period in a static pile with periodic movement and wetting, a stable compost was obtained. The bioassay results to screen for the presence of a phytotoxic condition showed that for the compost of the maturation pile as well as for the windrows, the product was a very mature compost with an emergence > 90% and a seedling vigor > 95%.
Conclusion
The implementation of the ASP composting method with a biofilter layer in the composting plant "El Morado" S.A. de C.V. resulted in several advantages: 1) the flies problem was eliminated; 2) odor nuisance complaints were substantially reduced; and 3) the owner of the company preferred and selected the ASP system, as opposed to the system of mechanically mixed windrow composting, because ASP requires neither a tractor-drawn turner nor a large expanse of land.
